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(54) Beverages for enhanced physical performance 



(57) The present invention discloses an isotonic 
beverage product for direct increase of the muscular 
ATP level consisting essentially of a solution of D-ribose 
and blood glucose increasing monosaccharides and ol- 



igosaccharides and/or hydrogenated glucose syrups. 
These drinks serve to increase the overall performance 
during physical exercise and at the same time diminish 
fatigue. 
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Description 

Technical field 

[0001] A sports drink is described. The drink, which is 
especially useful before, during and after high physio- 
logical activity of the body is specifically developed to 
increase the production of the energy carrier ATP. At the 
same time the glucose levef of the blood is kept at a high 
level. 



Background of the invention 

[0002] There are a number of liquid compositions or 
diluted mixtures on the market by the name of 'Activity 
drinks ( ; 'Sports drinks', 'Energy drinks' or 'Nutrient 
drinks'. These drinks are reported to solve problems 
with respect to the loss of carbohydrates, electrolytes, 
vitamins : minerals, amino acids, and other important nu- 
trients which occurs during heavy exercise. Physical ex- 
ercise can be distinguished in different categories i.e. 
those requiring strength, strength and speed or endur- 
ance. In practice this can be heavy work, muscle activity 
under severe conditions (e.g. high temperature, high al- 
titude), leisure sports or athletic performance. 
[0003] Muscle activity is primarily based on a very fun- 
damental biochemical mechanism, the breakdown of 
energy-rich phosphate bonds (ATP, adenosine triphos- 
phate). ATP is the direct source of energy for muscle 
work and is in fact the only form of chemical energy, 
which can be converted by the muscle into mechanical 
work. 

[0004] During high physical activity of the body the 
ATP level in the muscles diminishes rapidly. Several 
substrates are available as sources for replenishing the 
ATP. 

[000S] When there is low physical activity fats are 
used for ATP production, at higher activity rates, glyco- 
gen in the muscle is the major energy supply. The en- 
ergy from glycogen (carbohydrate) is released in exer- 
cising muscles up to three times as fast as the energy 
from fat. During the last half century it has been repeat- 
edly demonstrated that exercise of a moderate intensity 
cannot be maintained when carbohydrate stores within 
the body are not sufficient or sufficiently available. Car- 
bohydrates are the fuel from which body cells obtain en- 
ergy for cellular activities and the major portion of car- 
bohydrates utilised by the body are used for ATP pro- 
duction. The energy required for developing athletic ac- 
tivity, and indeed for all muscular work, comes primarily 
from the oxidation of glycogen stored in the muscles. 
[0006] Glycogen can be used either relatively slowly 
via the complete glycolysis and oxidative phosphoryla- 
tion to form carbon dioxide, water and 38 moles of ATP 
per mole of glucose. When exercise is very intensive, i. 
e. so intensive that the respiratory and cardiovascular 
systems of the body do not have sufficient time to deliver 
oxygen to the muscles, the energy for this activity will 



be delivered almost exclusively from anaerobic metab- 
olism, and much less ATP per molecule of glucose is 
produced. Under these circumstances the athlete accu- 
mulates an 'oxygen debt' and the athlete's tissues' use 
5 a mechanism of carbohydrate oxidation that requires no 
oxygen. The byproduct of this oxygen debt is lactic acid 
After recovery the system will show a net decrease in 
total carbohydrate (muscle glycogen) content. This de- 
crease is equivalent to the amount of carbohydrate ex- 
io pended in performing the muscular work. 

[0007] Fatigue during high intensity exercise may be 
viewed as the result of a simple mismatching between 
the rate at which ATP is utilised and the rate at which 
ATP is produced in working muscles. The attention, giv- 
75 en over the last two decades to the study of the limita- 
tions of ATP production, leads to the conclusion that the 
cause of fatigue may be the inability of the metabolic 
machinery to provide ATP fast enough for the energy 
needs of the working muscles to sustain force produc- 
20 tion (D. MacLeod in "Exercise - Benefits, limits and ad- 
aptations - 19B7). 

[0008] Furthermore, during relatively extended peri- 
ods of heavy muscle work, the work capacity of an indi- 
vidual is limited by several factors, such as too low blood 
25 sugar concentration and loss of liquid by transpiration. 
In the last decade the use of liquid drinks containing car- 
bohydrates during exercise has become more and more 
accepted as a stimulus during endurance performance. 
As a result, these days it is general practice to ingest 
30 substantial amounts of carbohydrate in a liquid form dur- 
ing endurance competition events. Supplementation 
with carbohydrate containing fluids is employed to pro- 
long exercise and improve the performance of high in- 
tensity endurance exercise. Benefits to be obtained are: 
35 maintenance of fluid balance and an increase in the 
availability of carbohydrate, the primary substrate for the 
muscular ATP production. 

[0009] Carbohydrate feedings during exercise appear 
to delay fatigue by as much as 30 to 60 minutes. (E.F. 
4£> Coyle in Advances in Nutrition and Top Sport - Medicine 
and Sport Science - Volume 32- 1991). During the last 
decade much attention has been focused on the opti- 
mum form and type of carbohydrate beverages to pro- 
long physical performance. 
4 5 [0010] Although considerable amounts of carbohy- 
drates can be ingested, not all of the exogenous carbo- 
hydrates emptied from the stomach are oxidised during 
exercise. Gastric emptying rate decreases with increas- 
ing carbohydrate concentration and osmolality. Conse- 
50 quently highly concentrated carbohydrate solutions 
have been observed to increase the frequency of gas- 
trointestinal distress in endurance athletes. According 
to N. J. Rehrer (J. Appl. Physiol. 72(2): 468-475, 1992) 
the volume of beverage emptied from the stomach is 
55 significantly influenced by the beverage composition. 
Specially, the concentration of the carbohydrates is of 
particular importance. The effects of osmolality on gas- 
trointestinal secretions may be more important with re- 
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spect to rehydration than the effects on gastric empty- 
ing. An increase in intestinal secretion instead of ab- 
sorption is observed with the presence of hypertonic flu- 
id in the intestine. 

[0011] Three different periods of carbohydrate intake 
can be defined: pre-exercise intake, intake during exer- 
cise and post-exercise intake. Carbohydrate beverages 
are ingested prior to exercise in an attempt to prevent 
detrimental changes, which can accompany exercise. 
The efficiency of ingested glucose in enhancing physical 
performance is dependent on the time at which the bev- 
erage is ingested before exercise. Glucose containing 
beverages produce an increase in plasma glucose 
peaking approximately 45 minutes after ingestion. The 
increase in piasma glucose results in an increase, in 
plasma insulin and a subsequent drop in plasma glu- 
cose during the initial period of the activity, resulting in 
quick exhaustion. In contrast, glucose solutions ingest- 
ed from 5 minutes to immediately prior to exercise result 
in maintenance of the blood glucose level throughout 
moderate- to high-intensity exercise. (Nutrition in Exer- 
cise and Sport - CRC Press - 1 990). 
[0012] The benefits of carbohydrate consumption 
during exercise have already been touched. A general 
recommendation is that 20 to 60 g of carbohydrate be 
consumed every hour during prolonged exercise. The 
p OS t-exercise intake of carbohydrates to enhance re- 
covery from exercise has not been addressed to the 
same extent as has the use of carbohydrates to en- 
hance performance during exercise. However, it ap- 
pears that the rate of muscle glycogen re-synthesis is 
somewhat more rapid during the first 2 h following ex- 
ercise compared to the 2 to 4 hour period. Therefore a 
recovering athlete should eat a high carbohydrate con- 
taining meal as soon after exercise as practically possi- 
ble. (E.F. Coyle in Advances in Nutrition and Top Sport 
- Medicine and Sport Science - Volume 32- 1991). 
[0013] Different compositions for beverages have 
been described. 

International patent application WO 91/1 2734 describes 
a hypotonic beverage composition comprising an aque- 
ous solution, either carbonated or non-carbonated, 
electrolytes, carbohydrates, low-caloric sweetener, and 
edible acid components. 

[0014] U.S. patent No. 4,312,856 to Korduner et al, 
describes a beverage product adapted for the replace- 
ment of liquid and carbohydrates in the human body dur- 
ing heavy exercise. The product is hypotonic and free 
of monosaccharides. 

U.S. patent No. 5,397,786 toSimone describes a hypo- 
tonic rehydration drink, containing per serving unit at 
least the following compositions : 



f) at least one membrane stabilizer, 

g) at least one neuromuscular function enhancer 
selected from the group consisting of choline and a 
higher saturated fatty alcohol, and 

5 h) water in a quantity at least sufficient for providing 
a solution wherein components a) to g) are substan- 
tially dissolved and which solution is ready for con- 
sumption by drinking. This specific combination of 
components appears to solve a myriad of symp- 

io toms relating to dehydration of the human body. 

[0015] International patent application WO 95/22562 
describes an energy formulation comprising a novel 
dextrin-type starch having a molecular weight of from 
is about 1 5, 000 to about 1 0,000,000 and wherein the mol- 
ecules are heavily branched. 

Summary of the invention 

20 [0016] The present invention discloses an isotonic 
beverage product for direct increase of the muscular 
ATP level consisting essentially of a solution of D-ribose 
and blood glucose increasing monosaccharides and ol- 
igosaccharides and/or hydrogenated glucose syrups. 
25 Specifically the present invention relates to an isotonic 
beverage product for direct increase of the muscular 
ATP level comprising, 

D-ribose, 

30 - a blood glucose increasing monosaccharides and, 
a blood glucose increasing oligosaccharides and/or 
hydrogenated glucose syrups 

[0017] The isotonic beverage product contains oli- 
35 gosaccharides, which increase the blood glucose level : 
examples of such oligosaccharides are maltodextrins 
with DP between 2 and 15, preferably between 2.5 and 
7. The oligosaccharide is present in the beverage prod- 
uct at concentrations of 1% to 7% (w/w), preferably be- 
40 tween 2 and 5% (w/w). The monosacharide is present 
at concentrations of 0.2% to 4% (w/w), preferably be- 
tween 0.5% to 3% (w/w). 

D-ribose which actively serves to rapidly increase the 
muscular ATP level is present at concentrations ol 0.2% 

45 to 5% (w/w), preferably between 0.5% and 4%. 

[O01S] The isotonic beverage product of the present 
invention is orally taken in before, during or after phys- 
ical exercise. Oral take is in boli of from 100 to 250 ml 
at time intervals of between 15 and 45 minutes. 

so [0019] The present invention discloses a beverage 
product, which allows enhanced physical performance 
due to essentially three different aspects: 

increase of the intracellular level of ATP by supple- 
mentation of a pentose, especially D-ribose, 
increase of the blood-glucose ievel by supplemen- 
tation of glucose and glucose-polymers and/or hy- 
drogenated glucose syrups. 



a) 1 to 100 g of at least one carbohydrate, 

b) 2 to 2500 mg of at least one electrolyte, 

c) 0. 1 to 750 mg of at least one ammonia neutral izer, 

d) at least one energy enhancer, 

e) at least one antioxidant, 
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increasing the water absorption and rehydration by 
supplementing an essentially isotonic drink. The 
concentration of the carbohydrates is such that the 
tonicity ( = measure of the osmotic pressure of a 
solution relative to the osmotic pressure of the blood 
fluids) of the blood is the same or is only marginally 
exceeded. The osmolality of blood usually ranges 
from about 280 to 31 0 mOs/kg. 

Furthermore the gastric emptying and intestinal absorp- 
tion can be stimulated by sodium ions supplementation 
in the beverage product. 

Detailed description of the invention 

[0020] One object of the present invention is to dis- 
close a beverage product, which gives a direct increase 
of the intracellular level of ATP. It has been found that 
the administration of D-ribose enhances adenine nucle- 
otide synthesis, thus resulting in a higher availability of 
5-phosphoribosyl-1 -pyrophosphate, which is the limit- 
ing factor of adenine nucleotide biosynthesis. Accord- 
ingly, administration of D-ribose prevents and reduces 
adenine nucleotide decrease in muscles during strong 
stress conditions. Endogenous synthesis of ATP precur- 
sors through purine biosynthetic pathway, the major nor- 
mal route of synthesis, proceeds slowly, is metabolically 
demanding, and thus limits ATP recovery. It is now dis- 
closed that D-ribose is an important ATP precursor to 
provide, and is capable of enhancing and maintaining 
recovery of ATP. However, during the administration of 
D-ribose, the blood glucose level was found to be re- 
duced. This reduction of blood glucose may result in 
symptoms of hypoglycaemia. 

[0021] It is therefore another object of the present in- 
vention to achieve a beverage product which comprises 
blood glucose level -increasing carbohydrates in an 
amount adapted to the blood glucose lowering effect of 
D-ribose and in such concentration that gastric empty- 
ing is not impaired. Furthermore, the concentration of 
the blood glucose level-increasing carbohydrates is 
adapted to be able to perform enhanced physical per- 
formance of different kinds. 

[0022] A blood glucose level-increasing component is 
therefore an essential component of the beverage prod- 
uct of the present invention. In general blood glucose 
level is increased by uptake of carbohydrates, such as 
glucose or glucose polymers. In the beverage product 
according to the invention a mixture of D-ribose and 
blood glucose increasing carbohydrate or carbohydrate 
mixtures is used. 

[0023] Specifically, the beverage product contains D- 
ribose and glucose and oligosaccharides and/or hydro- 
genated glucose syrups. The oligosaccharides or glu- 
cose polymers preferably are in chains having a degree 
of polymerisation of between 2 and 1 5, and which pass 
as a chain through the stomach before breaking down. 
[0024] The glucose polymer is responsible for the gly- 



cogen repletion, while the D-ribose directly increases 
the ATP level. Free glucose can be added to directly in- 
crease the blood glucose level. 
[0025] This invention is related to special composi- 

5 tions of beverages, which can be taken either before, or 
during the course of the strenuous event, or just after it 
to replete the glycogen stores. Prior to exercise it is ad- 
visable to use a large bolus (300 to 400 ml) of the isot- 
onic drink, while during exercise the smaller boli 

io (1 00-250 ml) should be sufficient to maintain the blood 
glucose level and allow for a sufficient intake of liquid 
and of D-ribose, to increase directly the ATP-level. 
The oral administration of D-ribose will be between 10 
to 120 g pro day, preferably between 45 and 85 g of D- 

75 ribose. 

Although, the exact amount of optimal intake may vary 
somewhat depending for example on the exact carbo- 
hydrate components and on the ratios between them, in 
general, with a view to gastric emptying it is preferable 

20 to take during exercise and shortly thereafter boli of from 
100 to 250 ml, more preferably between 120 and 170 
ml.'. Drinking should take place every 1 5 to 45 minutes, 
preferably every 20 to 30 minutes. It is evident that this 
time will vary with the concentration of the different com- 

25 ponents and also with the intensity of the physical activ- 
ity. - 

[0026] The beverage product essentially contains 
carbohydrates in the form of monosaccharides such as 
glucose in concentrations of 0.2% to 4%, preferably be- 
30 tween 0.5% to 3%. Unless otherwise stated the percent- 
ages of the present description are expressed as g/1 OOg 
of final drink. 

[0027] The oligosaccharides, being glucose syrups or 
rnaltodextrins and/or hydrogenated glucose syrups are 

35 present in the beverage product in concentrations of 1 % 
to 7% (w/w), preferably between 2% and 5% (w/w). 
[0026] The D-ribose concentration in the beverage 
product is essentially present at concentrations of 0.2% 
to 5% (w/w), preferably between 0.5% and 4% (w/w). 

40 [0029] Other ingredients can be comprised in the bev- 
erage product to obtain a nicely flavoured drink by add- 
ing some flavouring agents; sodium salt can be added 
to stimulated the glucose uptake; magnesium ions can 
be included since they are claimed to regulate the syn- 

45 thesis and breakdown of ATP. Supplemented phosphate 
ions will have a beneficial effect in the build-up of ATP 
levels, while supplementation of hydrolysed wheat glu- 
ten will have a beneficial effect in the re-synthesis of gly- 
cogen stores (G. Van Hall; VoedingS, 21-1997). In gen- 

50 eral it is taken care of that the overall composition is an 
isotonic drink. 

[0030] A typical compositions of a drink of the present 
invention is ; 

glucose 1.4%, D-ribose 1 .8%, maltodextrin 5%, citric ac- 
55 id 0.10 % : trisodium citrate 0.10%, sodiumchloride 0.02 
%, sodium dihydrogen phosphate 0.02%. The osmola- 
lity of this composition was measured to be 283-284 
mOs/kg. 
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Coloring agents and flavors may be added in the desired 
amounts. 

[0031] U.S. patent US 5,391 ,550 describes a method 
to measure the increase of the ATP level. There the pro- 
cedure for ATP determination is based on the Sigma test 
kit procedure. ATP assay procedures require that blood 
cells be ruptured and the ATP level found in such an 
assay is directly related to the intracellular level of ATP. 
The procedure for ATP determination is based on the 
action of the enzyme phosphogtycerate phosphatase to 
form 1,3-diphosphoglycerate from ATP and 3-phos- 
phoglycerate. The enzyme glyceraldehyde phosphate 
dehydrogenase catalyses the reaction to form glyceral- 
dehyde-3phosphate and NAD + P, thus causing a re- 
duction in the absorbance at 340 nm wavelength. The 
reaction then is limited by the amount of ATP present 
and the reduction in absorbance is proportional to the 
ATP present. 

[0032] The present invention uses the above men- 
tioned method lor measuring the ATP level and a com- 
puter tomograph to determine the levels of all phospho- 
rylated compounds in vivo. Other methods 1or determin- 
ing the ATP level are known and may equally well be 
employed without departing from the current invention. 
[0033] The invention is further illustrated by the fol- 
lowing examples. 

Example 1 

[0034] Randomised controlled double-blind prospec- 
tive study with cross-over design. 

Subjects and Methods: 

[0035] 1 0 healthy human volunteers age 20-40 years. 
The volunteers perform an intensive muscular exercise 
mainly involving the type II muscle fibres (type I fibres 
are the oxidative type of fibres in which the ATP level 
never decreases during regular exercise). 
The subjects take prior to the exercise, either D-ribose 
or D-glucose at a constant rate of 200 mg/kg/h in a dou- 
ble blind design. 

Prior to, immediately after, and at certain time intervals 
after the exercise, the in vivo intracellular level of ener- 
gy-rich phosphates (such as CP, ATP, ADP and AMP) 
are measured by phosphor MR spectroscopy. 
[0036] The following day the experiment is repeated 
and the volunteers take the second sugar. 
[0037] Post-treatment levels of energy-rich phos- 
phate containing compounds are expected to be signif- 
icantly higher after administration of D-ribose then when 
glucose is used. 

Example 2 

[0038] During this experiment the subjects are sup- 
plemented with a typical beverage composition and the 
blood glucose level, insulin level and ATP level is meas- 



8 
ured. 

In a control experiment the subjects are supplemented 
with beverage compositions either containing D-ribose 
alone : D-ribose + maltodextrin, or D-ribose + free glu- 

5 cose. Care is taken that all supplemented drinks are not 
hypertonic drinks to cope with gastric emptying effects. 
[0039] The compositions of the present invention are 
expected to show increased levels of energy-rich phos- 
phate containing compounds in comparison with bever- 

io ages without D-ribose. Moreover the compositions of 
the present invention show an increased blood glucose 
level. 



15 Claims 

1. An isotonic beverage product for direct increase of 
the muscular ATP level comprising, 

20 - D-ribose, 

a blood glucose increasing monosaccharides 
and, 

a blood glucose increasing oligosaccharides 
and/or hydrogenated glucose syrups. 

25 

2. An isotonic beverage product according to claim 1 
wherein the monosaccharides which increase the 
blood glucose level are hexoses, preferably glu- 
cose and/or fructose or mixtures thereof. 

30 

3. An isotonic beverage product according to claim 1 
wherein the oligosaccharides which increase the 
blood glucose level are maltodextrins with DP be- 
tween 2 and 15 : preferably between 2.5 and 7. 

35 

4. An isotonic beverage product according to claim 2 
wherein the monosacharide is present at concen- 
trations of 0.2% to 4% (w/w), preferably between 
0.5% to 3% (w/w). 

40 

5. An isotonic beverage product according to claim 3 
wherein the oligosaccharide is present in the bev- 
erage product at concentrations of 1 % to 7% (w/w), 
preferably between 2 and 5% (w/w). 

45 

6. An isotonic beverage product according to claim 1 
wherein the D-ribose is present at concentrations 
of 0.2% to 5% (w/w), preferably between 0.5% and 
4% (w/w). 

so 

7. Oral administration of an isotonic beverage product 
before, during or after physical exercise. 

8. Oral administration according to claim 7 in boli of 
55 from 1 00 to 250 ml at time intervals of between 15 

and 45 minutes. 
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